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PREFACE^ 



^ This describes the Training and Technology Welding Technology Training 

Program. TAT is an intensive industrial training program conducted by 

Oak Ridge Associated UnlversitiesX and Union Cat^bide Cor^porationMesigned to 

^upgrade the skills of, ynemployed ak4 underenjployed individuals so they can 

cdmmand gopcJ jobs in industry. In Ms nine years of qperation, TAT has 

developed courses in response to industrial demand so as to minimize 

diffidulty in plaping graduates. lOf the elev^n courses developed in TAT's 

nine-year history, the Welding Training ^ourse has been the most ^successful 

in terms of demand for the graduates. ThJ^^- derives from the growth in the 

welding occupation which is now occurring and has been^going on for the 

\ ^ ^ 

past few years , from the difficulty and expense of training welders and 

' p - * \ ' - • . . 

of course, frOm the effectiveness of the currlculu|h anc3, training techniques 

' ' ' \ r ' . ' - 

applied at TAT; \ ? 

Thd Introduction and Overview section of thi^ document is presumably 

of interest to persons generally responsible for pv concerned about the 

training of welders. The major? sectioh. Welder Training Qurriculum,, describes 

' ♦ " I*' ** , ■ 

the teaching of welding in more detail, and is hctpefully of interest to 

» ' . ' / ' \ ' < 

persons directly involved or professionally interested in* the tec^ching of 

welding. ^ * . - } • - • , 



INTRODUCTION AND OVERVIEW OF TAT WELDING TECHNolo'GY. COURSE 

The TAT w^der training program ;ls designed to. ^ive pprspps with no 

welding 'experience, skills which command an entry lev^ job in .welding. 

This design principle is reflected in the curriculum "^in several important^ 

wayst 3fc is the reason for the emphasis on e^K^ric' arc welding over the 
;? ' ^ . . '\ * ' ' ^ \ ' ' 

traditional gas welding, because electric arc welding is in much more 

demand J.n indystw today. It is also- the reason for the erqphasis on per- 
formance, to^ spe<:ified standar^ds of tasks .typical bf pg?oduction situations, 

" ' ' , 'I -'^ 

rather than construction of projects which" would be'"^asier to administer.' 

* • I ^ i ' \ . 

The design principle also explains^the 25 wejfeks juration of the Course, 

which is short by .comparison to p^^pti'Sklly all othei?s and also considering* 
th^ range of skills to be acquired. /Although short ,/^he course is long* 
enough to teaqh entry level skills. Generally, trairitses learn enough to 
earn certification in plate welding (electric arc), ^d pipe welding 
(electric arc) and get a. strong injppd^ction tp gas wflding. ,In connection 
with this, it is wo.3:th noting an ^imprortant distinction of the occupation 
of welding from other skills There is an extensive network of certifica- 
tion requirements for the different methods and applications of welding. 
(Appendix A contains 'a list of organizations issuing certification codes.) 
Generally, each employer is responsible for seeing that each welder in. his 
employment is certified according to appr,dpriate specifications for the 
specific welding operations performed. Thus, each employer expects to do 
some skill upgrading and* adjust assignments when new projects are begun. . ' 
For this -reason, the TAT welding, program teaches the ^most frequently 
required welding skills which can be applied in the greatest variety of 
settings. More specialized skills are acquired in the course of the 
welder's employment. i ' * 

The welding program, like .the other TAT trai^iing programs, is. also 
carefully designed' to reflect as much as possibly of the typical Environ- 
ment of a welder. . This is- accomplished by locating the program on an 
actual industrial site, having students trained by experienced welding 
supervisors ^ by using '*line" equipment, and by tl?eatitig trainees according, 
to personneJj policies typical of industrial organizations. Trainees do 
not resent Jhese conditions, which are harsh by comparison to academic 
institutions. In this setting they understand the reasons for such 
policies and generally strive to fulfill them. ™ 



TAT programs*, in welding and the^ other training areas, are administered 
cooperatively by Oak Ridge Associate'd Univ.ersities.^^and Union Carbide 

f < 

Corporation, Nuclear Division- Most of the financial Support for the 
•►program comes from Prime Sponsors under the ^Comprehensive Employment and ^ 
Training Act of 1973. ' 

This arrangement provides the program access (through Union Carbide) 
to^ the latest industrial techniques and practices, .thus guararfteeing the 
re.])evance of the program. Instruction is performed' primarily by" craftsmen 
and* Indus trial welding supervisors, who, teach all.' the motor skills and the 
weldii^g technology and welding blueprint eJLements- Academic instructors 
teach math and remedial education and GED classes', which account for only 
15% or l^ss of the trainee's time. ^ " ^ 

The t\t programs^ and particularly the wilder training program, have - 
enjoyed notable success in placing graduates. Over the course of the past 
eight years, slightly better than 95% of the gtaduates have been T)laced- and 
the. average starting wages' of the placed graduates have been higher than tTie 
general industrial average in the area. Welding, graduates have fared partic 
ularly well, enjoying higher wages and oft'en their pick of several good ^ , 
offers at graduation. Demand for wel.ders has grow^i steadily' in recent 
yeairs*, and the training of welders is generally involved and expensive p. 
In this context, the TAT weljler Training Prpgrani is especially valuable. 
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. - • WELOER" TRAINING CURRICULUM- " 

' '* 

The TAT 'welding curriculum was developed and has been implemente.d ^ 
primarily by Union Carbide employees witit years of welding, supervising'and 
teaching experience. - It is baa^ed on the occupational backgrounds in welding 
and consultation with numerous' industrial and professional welding, organiza- 
tions rather than .a formal pjob^ analysis or pre-existing curricula,. Rather' 
than, relying, on rigid^ task requirements, the program is flexible and adaptive 
to specific job needs of industries. ' , 

This curriculum document includes' a description of the welder's work 
and an overview and detailed analysis of each of the training components. 
Each student is. allowed- to progress, at his own level of capabilities. Each 
is required to practice until he can consis.tentlj meet the standards set up 
t>y the ^school. After trainees pass appropriate criteria, they are then 
set up and tested according to the requir^ements of American Society of. 
Mechanical Engineers (ASME) Boiler^ ^nd Pressure Vessel Code, Section IX. 

To briug the job description and specifications of the typical .welder 

ir>to fcous, reference is made to the. Dictionary of Occupational Titles 

— — ' — • 

t(D.O.T;). The D.O.T.' offers 3 general definition of t^e work tasks^ the 
physical demands , the w^;rking conditions , the gep^eral educational develop- 
ment required, and the usual amount of training .time foV welders and ' 
numerous -other trades and professions. * ■ , ' • , 

Gfeneral Description of Welder Requirements and Working Concli tions . ^ 
.The Dictionary of Occupational Titles presents the following brief 

review ^65' the job and worker characteristics.^ , ^ " 

GAS WELDER - Welds metal parts together, a6 specified^^by layout, . ; 

welding diagram, or ..work order, using gas welding equipmeot^* The ga$ welder 

could be expected toj ' ' ^ \ - ' ' 

1. - Position parts in jigs, fixtures, ba bench or-floor., or . 

clamps* parts together along 'layout marks^ 

2. Identify specified torch, torch tip, filler rod? and^l * ■ . ^ 
flux, seiecting them according to welding charts, or 

thickness or^^type. of "metal and specified bead. ' ^ / 1 , 

3. / Connect -torch hoses tp^ oxygen tanks, and acetylene or ^ 

other fuel 't'ank^. " • ' w*- * * 

4. - Turn Handles. to activate flow of gases, light torc^., i -e? 

and adjust mixture tQ obtairf'"desired flame. . 

. 5. Guide torchf at proper an|le. along weld line j *appiying/filler 
* ' rod- to molten <area, to supply needed metal to form Weld. 



• -4- , • • ■ 

General Descri ption of Welder Requirements anrfV/orking Conditions (Cont.) 

^ " * ' * . ' ^ *, 

6.. Examine weld for be.ad size and penetration. 

'7. Apply flux to workpiece in additipn to filler rod. 

8. Preheat workpiece in furnace or with torch »to relieve , » 

intern^al strains caused by" welding. ^ * »' 

. 9.^ Repair broken or cracked metal objects, fill holes, or\ 

build up metal parts. - • - 

V , 10;., Perform brazing, and flame-cutting operations. ^ ^ . ■ 

11. Layout, position and tack weld Workpieces. , - 

12. V/eld along vertical or overhead weld, lines. ^ 

13. Chip or grind of f excess weld, slag or splatter.,/^ 

14. Clean or degrease parts, using wire brush, portable grinder. 

- ^ or chemical bath;" ' ^ . ♦ ' 

15. Be required to pass tests as prescribed'-by his employer, 
/§uch as Navy^ Cpaist Guard, American 'Society of Mechanical 

Engineers, American Bureau of Ships, or Ameijican Welding 
Society. . , ' . ' 

ARC WELDER - V/elds raetal parts together as specified by layout, diagram, 

work'order, or -oral instructions, using lele^tric ape welding equipment. , 

' The' arc welded tould be expected to: i 

i. Start power ^supply to pj^adticej /electric current. 

Adjust welding machine j to desired amperage diid/or voltage. 

^3. Connect* cables frpm welding unit to workpiece to obtain 
desired polarity. - ""^"^ ^ 

4. Obtain specified electrode or select electrode based on ^ - 
' ■ desired bead .configuration, type of metal, and/or thickness 

' of metal . , ' 

5. Strike arc and deposit metal fron^ electrode fo workpiece.^ 

6. Guide electrode along weld line, jnaintaining length of arc 
and speed of movement to form specified depth of fusion and 
bead size. 

7. Examine weld for size of bead and' penetration. 

8. Use carbon electrode for fusing and manually apply filler rod.- 

» • " *" . 

9. Clean or degrease workgidce*, using wire brush, portable 
^ . ^ grinder, or chemical bath. ' ^ . ' • 

10. . Repair broken or .cracked parts, or manufacture new parts. 

11. * Chi^^^or grind off excess weld, slag, or splatter. 

12. Weld in all positions when required. 

: 13* Preheat workpiece, using hand torch or heating furnace.' - 

m^.A Position and clamp workpieces together or Assemble them in 
' ■ • jig or fixture. 



-5" • 

- . 3 • • • ' 

General ^Description of-V/elder Requirements and Working Cdnditions (Cont.J 

- . — ' r"^^: ^ — 

15. , Tack Assemblies together. , * - . * - 

16. Flame-cut metal plates or structural shapes » using flaiTie- ^ ^ 
Quttirig machines or hana torch and be designated welder- 

burner. / * * / * ' 

17. Be required to pass tests as prescri'bed by eni^loyer, s\icK as 
'Navy, Coast Guard, Am^icah Society of Mechanical Engineer^,. 
American Bw^aiJ^of Ships, or American Welding S^ociety. • ' . '* ' 

' " ' ' < ^ ^"1 • • * 

Physical demands placed on a v/elder may generally be termed heavy' 

siiYce th§^ welder jnay be expected to lift "100 Ib's . jyi^^cimum with frequent 
lifting and/or carrying of objects weighing up^to.50 lbs." Welders often 
must adjust their body positons to allov e^Sfective welding of certain 
f^bricated• assemblies . This adjustment requires freq^u^nH: stooping , kneel- 
ing>' crouching, and/pp.crawling^ The manipulation of wdldijti^^ equipment 
requires that the welder exercise his upper body frequently . ^, This upper 
body work includes reaching "by extending tfte handp and arms in any direc- 
tion, seizing, holding, grasping, turning, "or otherwise working .with the ^ 
hand or hands." The ability .to obtain impressions "through the eyes of, 
shape size, distance, motion, color," and other factors "is critical .to /the 
function of a welder.^ * ^ . - ! ' • 

Physical environment or working conditions of the typical welder ma^r 
include both -inside^ and outside work with extremes of temperature. Noise, 
fumes, odors, toxic conditions, dust, and poor ventilation are factors 
that may arise in certain work assignments ^of the welder. ' ^ . 

Getieral educational. develof)ment and training time for welders are also 

included in the Dictionary of Occupational "Titles . "Reasoning development 

and ability to follow Instructions, and acquisition of tool knowledges,- ' 

such as language and mathematrcal skills," have been listed under general 

education. 'Welding jpbs generally fall^into D.O.f. level^six described 

as : ' ' * ' ' - . • . > 

Apply common sense understai^ding to carry out instructions ' . ^ 

furnished in written ,> oral or diagrammatic form. Deal vith 
' problems involving several concrete variables in or, from 
standardized situations. 

Typical mathematics development for a-we-lder includes: , . 

Make arithmetic calculation^ involving fractions , decimals 
' ' . and percentages . ' * . 

The Dictionary of Occupational Titles , suggests, that the amount of . - 

* * ^' . * . 

training time required to learn the techniques and inforraatioh and to 

* \ ^ - . ' . \ ' . 

develop the Skills needed* "for .average perforipance in .a specific job- 
worker situation" is between ^one to two years ' * ' \ 



Training Components * * , > 

The TAT weltling program is c 3mpos'ed ^of j si'x training compQp^nts .and a 
supportive component. ^The wielding lab is^he tiasic component. The welding' 

,-^f ^3 "haiyis- on" practice in welding,/ 

plate and pipe , and including about 25% , 



lab is the basic component. Thi^ 
primarily in electric arc on botl" 



^practice in gas welding. Students are also trained m welding technology, 

I / 

"Welding maithmatics, welding blueprints, industrial behavior, and geyiera^ 
i education (both remedial and GEa-oriented fc^r students who do not* hold 
high school degrees)*, The supporrive component includes recruitment, 
placement, job development, andj informal assistance with a variety of 
problems including financial difficulties, housing,- transportation, and 
other problems which threaten to, disrupt training. ; 



V/eildi rig Lab i . ' • ' 

A large percentage ( appro }<ifnately 50%) of training ^ti'me has beep devoted 

to shielded metal electrode arc welding tasks since a majority of industrial 

welder needs lie in this area/ and mechani'zed welding machine operatars can 

be trailed on the job a snort period of time. T^ljough the emphasis is 

on arc (shielded metajl electrode) welding, the curriculum also includes 

activities in gas, gasr tungsten arc, and ga'S m^tal arc welding . , Trainees 

also i?eceive an .exposure to Jgas and arc cutting and. gouging. The develop/- 

ment of skill is tne aim of/welding lab, not the production of hobby pro jects 

/ * 

Trainees, cut work blanks frjom plate and pipe stock thep practice sequenced 
welding op.erations. 

Instructional approaches in welding ^lab include direct teacher ' contact 
with ^monst rat ions , practace sessions, performance tests, and feedback /to 
•the trainee..^ A' typical^stiudent to teacher . ratio .is 12/1. The*staff 
attempts to identify slower learners and to offer remedial assistance where 
possible. Often the instructor^ can suggest alternate maniptflative tech- ^ 

cjill learning. High*-pe3?*!formance arid' high quality 
are stressed by the instructors. 

r 

ire ghysiqally tested to assure the, quality of • 



niques to. help improVe sk 
as recognized j.n industry 

Trainee tfest. welds 
the we^5[;nents and to prepare the trairtpe for employment certification ,^ 



tests. The TAT staff conduct: weld 



testsl'^iri^ acclord^ce with A5ME Section IX, 
Guided Bend Test,*Boileri Code. Trainees' ai?e nd^t^ is^ed an ASME certificate 
because individual emplciyers are required 'jtio* |:qsJ: and certify employees' 

, ' ' 7/ t |, !| ' j' 1 ' I , 1 , . ^ ' " 

for specific processes mat^jdaJ^s , eleortW>dess Setc.i at the time of 




employment. Areas 06 certification and tHe number .of hours completed on 
specijfic welding areas are indicated on the' TAT^graduat-ion diploma (sSe 
Appendix B). ' ' • • • ' - • • ^ - ' 

* Tl>e. follow it)g list of specif ic**learning ob'j'ectives has been developed 
to iiiust;r?ate the sequence* of activities and to /define in performance terms 
the welding tasks^ performed by th^' typical TAT trainee/ 

Shjelded Metal Electrode - Approxfmate TotaJb Lab Time: 479 hours 
' J' ' Plate Welding. Practi ce . ^Tjie 'basic material used in 'plate 
low carbpn steel plate atock 1/4-3/8^. thick and 3/32-1/8"' E601O. p^^TOm- 
parable el^ectrodes. Having set up and adjusted the equipment, each ti?ainee 
is expected to perform the 'following tasks which thfe instructor will 
visually^ evaluate us' ing workmanship -samples as a criterion for performance t 
Each trainee is allowed*to progress at his own rate. ^- 

1. St ike an arc and maintain that arc until the electrode has 

, ' been consumed to a '2" stub. , ^ * ' • 

2. Strike ai^ arc and prpduce srpecified bead coqf igurations . 

3. "Strike an arc -.and run s.tringer beatis in tb'^-G (flat • ; 

. ^ • .position) to^dev-elop a pad# ' - * - " ^ ^ 

'Strike' an arc and r^in stringer breads in the 2-G (horizontal) 
' ' ^^'^ position to develop- a pad.-^ f v * * 

^ '^5. ^*^*%trike an arc and run weave and stringer beads in tha 3-G' 
•;. * . (vertical)' position to develop a pad.. 

' ' ' . • ' ■ ^ ' ■ ' , 

' / : 6,', Run "'stringep, beads in the (overhead) position to develop 

:^ yi.^ a pad.' ' ^1^^,^^^^^ ' ' \ • 

V.' Make a fille-f weld on a T-joinf in the horizontal, position. "'^ 

8. . Make a fillet weld 'on a. T- joint in. the vertical position.^ 

9. Make a fillet weld o'n a T- joint in the overhead pospion. 

•m / 10. ' $trike ,an^ arc and make a butt joint weld in the flOT (1-G) 

position. Make a butt weld in' the flat position ^ two ^ 
• ' pieces of. 3/8*'^ plate beveled to a 7S^ included' '^gle with a * 
' ' 1/8" root face and spaced 1/8" apart. / . 

11.. Strike c^n arc 'and'mafee a',butt joint weld*in the 2-G poSitj-orw 
, / ' Make a butt weld in the horizontal position on two^ pieces ^ 
of 378" plate beveled to a 75^' included angle with a 1/8" * / ^ 
root face- and spaced "1/8" apart^ ^ . 

\ 12. Strike an arc. and make a/butt joint weld^ in the 3-G positions- 
Make a. butt weld' in tfie vertical' position gn t^o pieces -of J 
N3/8" plate beveled to a 75^ included angle* With a 1/8^' rod^t 
> face and- spaced 1/8" apart. ' ^ . 

"l3# StriR? ag' arc and fmake a butt joint weld in the 4-G position. 

•Make a butt wel.d in/the overhead position on two pieces of ' . 
, - , 3/8" plate beveled to a, 75^ included .angle with" a 1/8" root 

f ace^ *nd spa,ced 1/8" apart. ■ • " ' ^ , 



. ^ r * -a- / 

Plate V/eldiiag Certification ,^ Having completed each, of the preceding 
objecfives and given; proper equipment / traii}ees will perform the following 
tasks that conform td the certificatioji .requirements as listed in 
Section ^\Qf tH4^^^B9y.ef? Code: - , • • 

Make ^|H^Hf^"4^ '^^^ horizontal' 02-G) position. 

* .2* ' Hake ,a ^SS^'Fi^^ifit • weld oin the' vertical (3-G) positiop, • 

• . *3» * Make a butt weld in the overhead position. * 

•Test coupons will be prepared and destructive tested to the reqljilre- 
meiit of Section IX aSmE; Boiler and Presguine Vess.el Code. 

Pipe Welding Practice .' Basic materials used in pipe welding- include 
sections of 10" diameter schedule 40 pipe SHock and 1/8-5/32" E6010 or 
comparable electrodes. Having set up and adjusted the equipment," each ' 
trainee is expected .to perform the following tasks .which the instructor * 



"^will vi§^lly evaluate using workmanship samples as a criterion for 
performance : . . . , 

1. Set up and make a weld in the horizontal plane on two pieces , 
• ' , of JO" schedule 40 pipe in vertical position beveled to 

•'\ a '70° included' angle and having a root f^ce of 1/8,". The 

xoupo*ns shall be spaced 1/8" apart arid tacked at 90° intervals.. 

(open butt joints) , ^ V 

■*y ' ' ' • 

2. Set up and make a weld in the horizontal plane on. two pieces 
' ' ^ ' of 10" schedule 40 pipe in horizontal position (S-G)* beveled 

to'a*70° included angie.^^44taving a .-root f^^e of 1/8". The 
' coupons sha^l be spaced *l7S'***Tapart.'&nd taek^^^*^ ^^^^ intervals, 
(open butt joints) * ^ . \^ . ] ^ y * ^ 

Pipe Welding Certification .' Having completed each of the preceding ^ 

/ ' ' 

objectives and given proper equipment , ^trainees will perform' the .following 
tasks that^ conform to the certification- requirements as listed in Section. IX 
of the ASME Boiler Code. , ^ . . ' ^ ^ * ' 



All pipe sectirms^shall be beveled to a 37 1/2° bevel find shall have a 

l/8"±l/32" r'oot face. Prior to weJLding, the pipe shall be set up and tacked 

to provide a l/8",raot opening. Th^ desjrructive ^test and test requirements 
^ ' t * 
' shall be as ^specified in Section IX of the ASME Bailer atjd Pressure Vessel 

* < • * 

Code. '\ ^ ' ' ^ * * 

1. Set up and weld' two pieces of 10" diameter schedule 40 pipe • 
in the horizontal .(2i'G), "position : \' • * ' 

- - ' 2, Set upland weld tWo pieces of 10" diameter schedule 40 pipe 
in 4the vertical (S-G)" posi^tion. 



Gas Welding Tasks'^- Approxilha.fee Total Lab Time: 200 hours'^ * 

Trainees wprk on a rotitional schedule in the gas welding^ lab for 

approxii^ately 200 hours concurrently "wltTT^c welding lab , 

At .the^ appropriate time during g^^^^^Jelding -lab , each trainee should 

be able to: ' i 

1» Set u^ equipment, light, adjus.t and manually operate. a ' «► 
cutting torch ^o cut 3/8" mild , steel stock with cutti^fg 
lines acceptable for joining by* arc and gas welding ' v 
processes (freehand burning).- ^ 

2. Having selected ^a welding , tip and adjusted appropriate 
eqiApment ,for welding lA-3/8" thickne9^s of base* m^tai^^ 
carry a molten, puddle in the flat positiQn and add- filjLer 
rod to produce a bead which be visually inspected by - 
the instructor using a workmanship sample as a criterik^n 
for evaluation f 

3. Having selected a tip and adjusted the flarne, join twc^-mild 
steel sheets^ using filler material,'^ Acceptability wiil be 
judged by visual" inspect ion« using a workmansliip sampl^. ' 

4, Using semi-automatic gas cutting equipment, ^det up and 
adjust the equipment to produce^sections of stock app{?o- 
^priate for joining by arc and gas velding methods. \ 

- ' • ' ' 

5, ^ Using similar or dissiMlar metals of thicknesses J.-/ 8^'", l'/^-", 

and 3/8" and gas weldin^g equifJment, join those metals by 
braring using silver filler alloy-e ^nd/o']?' by bronze*. welding 
^ usi ng bipo nze filler alloys. Acceptability will be judged by - 
cf visua]r"5t>a3^arison with workmanship ^sample. | 

The trainee is not expected to be able to pass a certification test ii 

gas welding. He is expected to. have the knowledge of .gas welding to do 



heating, burning or cutting, bending, J^razing, and a limited 4^^ount of 
welding. • ' • . , \ ' \r 

Spec! ait zed WeVcfing Tasks " Approximate Total Lab Time:' Variable ^ 

Ha^^ing completed each, objective outlined in the arc and ^as welding 

program, trainees Diay have their curr^iculum varied to conform, to desires 

of their prospective employers. The following objectives ar^ general and 

variable depending on trainee knowledge, progress and completion times and 

employers' suggestions" for specialization. ^ ' '\ ' 

1. The abiove average trained <rould be expected-^to spend 150 
hours practicing 'with gas tungsten-arc equiprtient. 
would be performed in thV^^lat, horizpntal, vertical, ^and ' « 
♦ overhead pos-itions on low cai^on steel, aluminum and stain- 
less alloy 1/8-1" thick and subjected^ to a visual iiispection' 
using workmanship samples as a\ritericm for acceptance. 
The exceptional trainee • cpuld be certifred on variolas gas 
, ' tuhgsten arc welds. . - ) - * 



5 
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. Specialized Welding Tasks (Contr) 



1- 



✓ 



Trainees may receive approxitnately WO hours of pr^c^rce , 
.•time' in gas me-fal a^c-^^welding. Gas metal^arc welding is 

performed on carton st.eel, aluminum, and stainless alloy - 
' 1/4-1" thick using semi-automatic wire' feed equipment.*- 
Trainees would be expected to set up, select proper "wire 
sjLze, trojable' shoot equipment, and practice *va)pious welds v 
* using- this process. » % ' ^ \ . : - ^ 

The aveijage traine'-e could be expected to'spend approximately 

8-10 hours vising arc air equipment ^jto burn and gou^ 1/4-1". 

[Tietal stocfc. ' ^ \ 

. ' • ' \ 

Trainees practice approximately 100 hours Using differ^jit / 

cinds and sizes of electrodes (Tow hydrogen) (large diafieter 

for fillet welds) (different alloys) . on both .plate and pSLpe. 



' Welding Technology^ . ^ 

Text?: WeTding Skills and- Pract i ces_by friachino, Weeks and 
Bnine. American Technical Socijetiy^. 



■f 



Study Guide for Welding Skills and Practices by 
Masterton. American Techni ca\ Society. 



Worl^bbok 
Approximate Total Class Tjme 



3 hr./wk.fX 13 weeks = 39 hours 
, (outside assignments are given) 



Weiiing technology classes 'ppwide technical information regarding the 



...A-'^ ^eria ls , metjjiodS, jjfvDcesse3>"^d equipment of welding. A. large part of 



th,e^,welcii.ng •technology instruction occurs iti the 'classroom situation using 
Welding Skills and Practices ag a general text and reference reso^urce. 
Publications^ of Unioa Carbide Corporation, Y-12 Plant,' and American Society 
of Mechatiical Engineers provide alternate instructional resources (see 
Bibliography and Appendix). 'Topics ,cov6i:ed in class sessio^is are demon- 
strated and reviewed when po3sible.in the lab<yt»atory area by qertified 
welding instructors...^ \ • • . . 

Introduction to Weeding' Tjschnology (H 'hrours) , <. ^ * 

- . Specific Objectives '- At ^he appropriate time in the course,, e^ch 
trainee should b'e able to: » * . - 



1. 

2.. 

3," 



Pe^ne the welding process in two. sentences or le^s. , 

describe five basic welding processes as * illustrated in 
class' presentations."' 

Identify'the following arc* welding .equipment or illustrations 
^of. the. followirig equipment:* power sourcie^' helmet , gloves , 

apron, electrode holder, cleaning toc^ls^ cable, ground clamf> 
^•and electrode! ' ^ ' * . ' , * 
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Intrqfductt^n Velding'Technorogy (ContJ 

j,^': h^. fdelFitify fhe 'folloKing oxy-acetylene equipment or illustra- 

^ : / ' ^ .tions of thea f ol*lowing equipment: oxygen cylinder, acetylene 

I, cylinder / gelding, torch tip, regulators,' hose, spark lighter', 

»\ y ©Dggies' pnd'^ protective 'clothing* 

Jr^^l^^.. List and demonstrate by performance in the lab five safety - 
'i^l precautions" iii thfe set-up and operation of an arc welding 

' ' ,Tn^c/hine(:^ ^\ • ' 

/. ^l^^ Lipt ai^d demonstrate by performance in the lab. five safety 
* ' p5;^|ca,titio'ris In the set-up and operation of an oxy-^cetyiene 
ibg rig. 



§11 p5;|ca,Ut 



7r Bist' and ;illustrate twomethods used .to strike an arc when 
• ,7 weldiTig with shielded metal electrodes (tapping and 

'scratching);* . » / ■ ^ ^ 

-'8. ' Describe a general ,r<uLe for, detenginipg the approximate 
arc length 'for shielded metal arc welding.- - ^ 

'/9.. Describe the procedure to^ follow in the event, the elec- 
/ trode, becomes welded to the base plate. » . \ 

\:'J.1Q.,- LJl^'t ;^d "describe four factors^ that influence the 

fcienetrttion and quality of an ar6 weld. . * • ' • , 

JLl.*' Given a pictbrial illustration of various improperly 
^. foi?med arc welding beads, ^identi:^ the typical cause ^ 
-■^of the poor-quality,, such as speed, current intensity, 
- and voltage; 

^ : 12^ Sketch an illustration 6f undercutting and overlap of 
arp welding l^^ds and list typical causes of each 
' condition. ' . " 

' V 4 

13. Describe the impprtance of cleaning -a weld before .^^dir 
tional layers x^f - beads are applied' as described. 

^ " 14. Illustrate by a^^ketch three weaving patterns typically 
f used by arc yelders as 'described. 

, ' 15. Define .padding in one sentence.. 

16* Illustrate by a sketch "'the typical oxy-acetylene torch 
movements of rotation and progression used in welding. 

Weld ing>Techno logy - Metallurgy (6 hours) , . • 

Atjthe appropriate time in the course each trainee should b6 able* 



to: 



If List -two reasons why a welder should be familiar wdth 
• basic .metallurgy . • j 

2^ Describe each of the following mechanical properties 
^' of*metal in , two' sentences prr less: stres'^s^, strain^ 
* elasticity, tensile 'strength, compressive strength, 
bending strength, shear strength, fatigue strength, 
V'- impact strength, ductility and hardness. 

3* Describe the classifications of carbon steels accord- 
ing to percent composition, eff'e ct on mechanical ' 
properties, and spark test characteristics. 
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Welding Technology - Hetariurgy (Cont;)' ' 

Define the term alloy steel and list four typical 
alloying elements used to alter the- mechanical proper- ; 
ties of steel, * - - * ' * f 

5. List the associations Beprfesented by the followiilg 'byrnboiCs 
sae,'aisi. . ^ i ' [ ' ^ ' I 

6. Describe the effects of heat on the grain structure of ^ 
steel -as it* is raised th^ough the critical tempera-^ure, / 
to the melting pointy ' ' o J ^ 

J . Given a list of metal treating pr?ocedures, identify each 
of those procedure by labeling as aHjiealing, normalizing, 
stress relieving, peening, hardening, or case hardening. 

8. Given descriptions of typical welfi defects, identify 

\ the name of 'the defec^^ and list procedures used to s /, • 
minimize the defect (defect^; will include grain growth, 
blowholes, inclusions ^ segregation, .porosity). ' • 

9. List eight ways to control residual 'stresses in w,elded' ' 
vmetal sections. * ' , 

T 10. Given a list of 15 points to reduce distortion caused 
by ^expansion and contraction during welding, identify 
4 whifh of those points are trtae and which are false,* 

Welding Technology - Machines^ and Accessories (4 hours) 

^. List the two typical input voltages used in current - . 
welding macHines. 

2. Define alternating ^nd direct currejrit in one sentence 
each. ^ 

■ * ' 

3. Define conductor and electi?ical circuit and illustrate/ 

both by sketching an example of a simple electrical 
circuit. ' ' '* * , 

U. Define ampere and discuss the effects of current intensity 

on shielded metal arc welding, v ^ \ 

✓ ^ • . . » 

5. DiscusS'-the application of .reverse polarity, direct ctu?^- 
rent on overhead arc welding tasks. , . V ^ 

6. List three types of pow^ ^sour^ces available for current, 
welding tasks. . " ,^ 

Welding Technology "^Selfecting the Electrode (7 hours) | " 

1. List five of the main groups 'of shielded metal ai*c weldj - 
ing electrodes as described^-by text; ' [ 

2. Given a list oF_ eight possible functions of electrode, [ 
coatings, identify five correct functions -as listed inf^?" 

^ the welding textbooks * • j 

3. Given specific symbdls iis^d to identify welding electrode 
* ' characteristics, identify the type electrode, th^'mini-? 

^mum tensile strength, the possible welding positiojis, ^ 
. and special characteristics*, of the electrode. ^ ' ^f^' 



Welding technology - Selecting the Electrode (Cont.) 

4, List seven factors that must be considered when selecting' 
an 'electrode for shielded metal arc welding. ' ' , 

5. Having studied the characteristics of mild s^eel electrodes 
and discussed^specific applicJations in class, select an 

• ' optimum* electrode fpr operations' described by the weld'ing 
technology instructor. ' . ' 

Joints and'Positions of Shtelfded Metal Arc Welding (5 hours) 

l; Given illustrations of welding joints, identify each hs: ( 

lap weld, T-goint, outside comer, closed joint butt, ppen 
^ joint butt, or vee joint butt weLd, 

2'. Li'st and' describe four' positions in which weldings is carried 
. out. The descriptions should include the position of the ^. 
base metals and tha relative movement of the electrode, 

WeldinV Inspection Techniques\ (3 hours) I 

Having studied the textbook and discussed weld inspection, each > 
trainee should be able to: 

1. List a- minimum^ of two application-s -and two limitations 
_ * for visual inspection,. destructive testing, and npn^ 

destructible testing. ' ^ ' ^ ' 

2. p'escribe fhe tensile testing pt^cess by sketching the 
shape of a^ tensile specimen ahd listing the steps involved 

in recording the effects of load on the specimen. 

' '\ 

' 3. Evaluate welded specimens by setting, up e^qnipment and ' 
conducting root-bend and face-bend tests Using a guided- 
bend tester. 

^. Define impact testing. 

5. ' Identify 'illustrations ofe each of the following testing 

devices : magnetic particle equipment , radiographic 
. inspection equipment f 'uitrasonic testing equipment, 

hardness testing equipment. 

6. Given radiographs of sound and uns,ound welds, trainees' 
should be able to distinguish between the two and ideh- 
tify those^ radi9graphs containing slag inclusions, cracks, 
gas pockets and lack of penetration. 

7. describe the operating, principles^ef'iiltrasonic testing ' 
% by describing the equipment, test procediires and evalu- 

ation techniques. 

Certification and Code Requirements (3 hours) ' ' • 

^Having discussed' 'co^es , standards and specifications with the welding 

instructors, each trainee should be able to; . ' ^ 

1. >List two justifications for requiring controls in the ' 

use and application of welds." - 

2. Define in one sentence each; code, standard^ specif i- * 
cation, and rule. 




Certification and Code Requirements (Cont.) / ^ 

3, Describe.. the, process whereby vdluntary regulations- pre 
paredtby engineering and technical societies become^ 
• ' enforceable rules . 



4. List a mitlimum of four societies and organizations that 
prepare welcjipg methods and standards documents. 

5. Qescribe the typical elements .and procedures of a certi-^ 
fication* test that a newly hired welder would eticounter.> 

6. Movies, slides and visual aids are used to show the difr 
ferent welding processes as well' as inspectiop, lab 
techniques and steel making processes. 




Arithmetic Review (18.5 hours) 

1. Define and illustrate: arithmetic, number, denomitia? 

number, ^nd abstract number.' 

» • , » ■ • ^ 

^ 2. Illustrate the Decimal- Number System by showing the \ 

place value of integer^ relative to the decimal fro^fr 
millions ^to hundred-thousandths . ' . ^ - 

. 3. 'Add and subtract whole numbers. * * c >— 

^. Point out key words and units essential to thg soiiition 

of' word p]?obl^ms . . _ . - * 

, ' , 5r* Given measurements* in inches and fe^t, convert- all ' ' / ' 
to a specified denominant measurement. 

6. '^'Multiply and divide whole nuirtbers.. ^ 7 / * 

7. Define and illustrate: common fraction numeratoir^ . 
denominator, fraction line, proper fraction ,' iinfiropei? 

fraction, mixed number, and complex fraction. . ' * 

8. ' CJrange an improper fraction to a mixed number. ; I " 

9. Change the denominator of a fraction to a specif iedf . * , 
number. ^ ' ^ ' . ^ j 

' 10. Reduce a fractipn to lowest terms. c ^ \ \ 

11. Find the lowest common denominator for a maximum of { 1 
eight fractions. , - . - ^ j 

12. Add and subtract' common and mixed fraction3- and reduce • - 

to lowest ' terms . ' \.!" * ^ 



13^* Multiply and/or divide common and mixed fractions. ^ 

lif> Given problems in the multiplication and division ot^ 

fractioris, cancel out common factors in the numerators 

and denominators . , . ^ 

' r , ' ' 

15. Express half of 'a fraction. or mixe^ number without - 
written computation, by using the short-cut method , 
as described' by Van'Leuv^n, General Trade Mathematics . 
* ♦ ^ ^ , ,« - 

16. » Define apd illustrate a decimal fraction.. 
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Ari thme^^e Review (18,7^' [j^^^^^) ' . * ^ ^ 

17. Writhe a common fraction in decimal form* by dividing th*^'-.' 
denomiri^ator into the 'numerator. 

..18. Add, subtract^ 'multiply and divide decimal fractions! 

• .\19'. jRound off decimals according to^rUle. ' . ' 

\ - . ' . 

.1*29.' Fi^d^Jhe av^^ of a maximum of ten quantities by 
r 'finijxhg" their sum then dividing by the number of >, xr^*^ 

quantities. ' • * 

r . • * , ^ ' 

21. ^Change a whple number, mixed number, or decimal fraction * 

to a common fraction. with a desired denominator. 

22. Utilize a decimal equivalent chart to interchange frac- 
tions and $iecimals. 

. \ 23. 'List from memory decimal equivalents equal to 1/64, 1/32, 
•1/16, V8, and 3/8. ■ . 

Geonqetry: ' ihtroducttbn and Review - (9 hours) 

1.. Given ^xercise sheets and rulfe^rs, measure the, length 
of lines accurate to the ne4rest 1/^32 of an inch. 

, 2. Given illustrations of micrometer readings, identify 

the measurements accurate to the nearest thousandth. 

. » 

3. * Define and illustrate: circle, circumference, diameter 

and radius. 

4. Given paper and straight edge, cons;truct two intersecting 
straight lines and label the vertex* 

5. List from memory the number of ^ seconds ^per minute., the 
number .of jninutes per degree , and the number of degrees 
per circle. * \ ' 

6. ^ Define and illustrate right angle and 3traight angle.' 

7* Given 3n angle, determine with a protr^actor the number 
of ^closed degrees , accurate^ to the .nearest degree. 

8. Given the number of degrees of., a desired angle, use a 
protractor to construct- t.hat angle accurate to (+) or 
(-) one degree. ^ ; ' ' 

^ 9. ' Given the diameter of a circle, find the circumference. 

10. Define '^d illustrate area. 

^ 11. Given length and width, find the area of , a .rectangle. 

12. Define ^volume *and explain' its relationship to linear 
measurement. 

' •.13.' Given the diameter or radius, find, the area of a circle. , 

- "^'^ Given diameter and height, find the surface area and 

volume of a cylinder. . " 

15. Giveti three "dimensions of a rectangular solid, find its 
volume* ^ ' 

16* List .the names of two ^systems of measurement (English 
^ • ' verstis .Metric) . - , ' 

17. List tvfo 'advantages and two disadvantages of convertings 
to the metric system of measxlrement . 
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Introduction to Formulas (11.5 hours) 

. - 

'-'^-l. Define and illustrator formula, literal numbers, equation, 

* ^, terjns , and substitution . ■ . ^ 

2. ' Given a relatiorishi^p such as voltage equals, amperes- 

multiplied by resistance, develop «a 'formula* showing that 
relation. * ^ ^ ' ^ 

3. -'S'olve a single' step firsrt degree "equation by (a) subtrac- 

tion, (b) addition, (c) division, and (d) mUltiplicatiCjn. 

Given a problem with a literal term, 'substitute *a given 
numerical value and solve. 

5 1 Define volt^ ampere, ohm, .and give their proper litej»al 
representations. ^ * 

6. List and apply Ohm's Law to the solution of typical 
electrical circuit problems. 

7. Define electrical power and work in three sentejices of 
less. ^ , . U 

8. Li&t fronl memory and apply the formula used to find elec- 
trical power when- volts, amps, and time are given. ' 

9. ' Define power factor* in twp sentences or less.' - 

10. Given the number of kilowatts, noui?s, -and cost «per 
kilowatt hour, find the total cos,t of electricity. 

11. Given iHustratibns of a common electri'c^i watt meter, 
, ' ' read the meter accurate to the-ne'arest kilowatt hour. 



V 



Blueprint Reading for Welders 

hX the appropriate time 'in the course, each trainee should be able fo: 
Basic Blueprint Reading (13 hours) * . " • 

1. Given illustrations of object lines, hidden lines^, cenljer v 

* lines 5 extension lines^ leaders, cutting plane -lines / list 

. ^ the purpose- of each.> " 
r ' ^ ' # • * ' - 

2. "Given a typical blueprint, identify object lines, hidden 

• lines, center lines, extension»and dimertsion lin^s, and 
leaders. - ' • ^ ' ^ ^ ^ 

3.. Illustrate 'with a sketch the location and alignment af the ^ 
front, ,tOp*, and right ^ide views of a three view drawing. 

Given a' pictoral ajid ^ three view drawii^g of 'the. same part, 

identify selected sides and edges on /alternate yiewj^. 

•• \' ' ^ 

Describe in two sentences or less the purpofee •f blueprint 

notes 'and specifications. . ^ 

List two important purposes of blueprint dimensions 
listed by Bennett and Siy, Page lU. . ^ ^ ' ' \ 



5. 



ERIC 



Basic Blueprint Reading (Cont>) 
7. Illustrate and label the following items^" by a simple -sketch:, 
a. angular dimension 
' b. dimension ^of a chamfer and bevel • ' ^' . - 

c. conventional diijiensioning and ' - - 

d. base* li(ne dimensioning. ' ^ . 

Given a dimensioned thread drawing. Identify -the thread 
diameter, the number of threads pejj'inch, and the form of • 
the*-thread. \ . / * ^ ^ ' - , ' . 

9. Distinguish between sheet 'anjd plate steel by describing 'the 
measurement systems used. ^- 

10. Given a decimal thickness fo^ a sheet of iron pr steely ^ 
convert that dimension -to a U. S. Standard Gage by using 
appropriate tables.'* 

^ li.^ Define in two sentences 'or less revolved section and 
auxiliary section. 

12. Describe the purpose of .conventional brie 

13. Given typ^.cal blueprint aJ^brev^ations as they appear in 
Bennett^^d* Siy, 'Page 56, vtite out in word form the meaning 

<^^'of ten selected abbreviations. 

Welding 'Blueprint Reading (26 hours) * , . * ' 

1. Sketch the basie weld symbol and show the significance ef 
arrow side and other. ' , » . 

2. Deffine each of the following': ^ ^ 
a; full section * . ^ * 

-b. hklf section ' " • ' : 

c. assembly ae^ion . " ^. ' . * ^ r ^ 

3. Describe . in^ two sentences the purposes of detail 'prints ♦ 

4. List 'the elements that may be added to the basic weld symboL* 

5. .Describe in two se^ntences the method of making reference to 
a special weld on a blueprint* ' . 

6. List four qategories of welding .abbreviations . 

7. Distinguish a welding abbreviation from other abgt?eviatxong . 
-8. , Sketch a welding symbol which, indicates fillet welci all-round 

• 9/ Describe the two methods of detel?mining the extent of a weld. 

10. Identify from a given weld symbol the finish and contour 
' indications for a weld.* X - * ^ * 

11. Sketch the symbol ^or each type of groove weld. J 

il2* Define in two sentences or .less root penetration and root 
opening of a groove^ weld. 



Welding Blueprint Reading (Cont.) 

* ' » • 

>13#, Sketch or identify the symbol for each of the following: 

a. backing or back ' 

b. melt-thru weld , ' ^ 

. X c. plug • ■ ^ - . . 

* . ^'^d. slot weld 

• 14. jEllustrate. by* a sketch the diinensi9ning of the. angle of a 
weld bevel, 

151 .'Given a dimensione^d symbol -for flange weld, identify the: » 

a. radius " 

b. height above tangency " " / 

c. ^ size of the flange. 

16. List six elements which may be applied to arc-spot and 
resistance-spot weld symbols. 

17. Given a dimensioned symbol for resistance-seam weld, identify 
size and len^h of the weld. t . ' • 

* 

18. ^ Given illusti^ations with dimensions for typical^ weld joints, 
'J draw the weld symbols for those joints. 

^19. Given the weld symbol for typical weld joints, sketch the 
welded joints and show dimensions. 

General Educati'onal Development (GED) - High School Equivalency 

(Appendix C contains a list of publishers of:. GED and remedial educational 

materials . ) * * ' * \ " 

The Anvericap Council on Education has developed a GED test battery 

which incltides the following five ^subject areasr • . 

1; correctness '^nd , effectiveness of expression;* * . 

2. interpretation- of readin^g materials in social studies; 

3. interpretation of reading mateoc^ials in the natural sciences; 

4. interpretation of literary materiais, and'^ 

^5.- general matKematical ability. . • . . 

..This GED test battery is administered by a delegated listing a%ency^ 

an official GED center, under the aijspices of the 'State Department of Edu- 

♦ , ' . . ^ 

cation, but dhly the State Department of Education may issue the equivalency 

diploma. Each State Department of Education est^Xished the pplici'^ and 

procedures for an adult ^resident to earn a high school equivalency diploma ^ 

on the basis of results on the GED tests - - , ' 

y * . m . ' 

• ' ' tf * 

The TAT GED* program was established to provide trainees witTi an oppor- 
tunity' to receive^ a high school diplopia. - ^ . . . , / , 



The program helps tr^i^es, prepare ''for the General Education Development 
test by (1) diagnosing their ^ducationcil deficiencies and (2) concentrating 
on overcoming those weaknesses. Since the trainees have various ^problems , 
the program is set up in laboratory fashion to allow for individualization. 
The individualization allows students to progress at their owir rate and to 
concentration those subjects in which a deficiency exists. 

An equivalency diploma, which is honored by itidustry, colleges, and 
the military/ IS awarded by the State JBoard of Education to ti^ainees who - 
achieve a specified score on thfe GED test. ■ . * 

Traine^es without high School diploma are encouraged and^ guided in 

preparing for t^e GEId test. 'Time required for preparation varies greatlj};.. 

Study topics are listed. '• 

English: ^ / 

1. Sentence Stfuctiare ' / 

' ' ^ - 1 

» 2 . Usage - Grammar / , \ • * ^ 

3. ' Style ^d Clarity • . . ' • 

■* * . * 

M- . Punctuation . ^ 

\ . • . ^ • 

5. Capitalization. . - 

- . 6. Word Choice - e.g.. Affect, Effect 

Principal, Principle 

• Math: 

Addition, Subtraction, Multiplication, and 
Division (whole .numbers , decimals^j frcictions, 
, basic algebra^ and basic geometry ) 

Literature , * - . * 

^ ' * Social Studies' . * 

Science ; ' 

bevel opmentai Reading • * • . ' 

.The 'objective of tlie d^veloprnental rea<ling program is to en^xirie that 
reading deficient trainees reach the reading level^requi/red to achieve 
•vocational-training success. Trainees, deficient irt reading. are identified 
by. selection test^ scores and/or performance in classroom activities. This 
objective is met by (1) diagnosing their readir\g strengths and weaknesses^^ 
and (2) from theSe findings, planning a corrective reading prograpi to 
.overcome the weaknesses and reinforce the stnengths.* 



DeVfelopmental Reading (ContJ , ( ^ 

To accomplish -the prograin goals, ^the reading-deficient trainees ^re., 

;placed-in one of four ability. gi?oups based on diagnostic testing. The 

trainees are assisted in reaching .a reading level that .permits them to 

easily handle 'required reading materials in -welding. ^* \ • • 

i , ' ^ ^ r '-^ ] 

While the deivelopment "and growth of reading skills' is a*life long 
^ ' .^V ^ ^ ^\ ^ » ^ 

process, the reading pii^o gram, helps to build a sq^Kl fouhdation of basic 

. ' . :• ' \ ' ^^"^ 

(reading skills which permits futu^re development. Hme sk^Lll and remedial 

education staff evaluate, individual needs and weaknesses and establish 

appropriate training time arrangements. Study topics are listed. 

Phonics: • \" • 4 



\ 



^1. Consonant Sourjds 

2. Vowel Sounds , - 

3. Common Syllables 

4. Diagraphs ! 

5. Blends- 

Word Attack Skills: ' ^ ^ 

« " 1. Syllabication 
' 2, .Structural A^ialysis > 
3. Context Clues 

Comprehension: ' * - j 

• ^ 

1. Vocabulary Developmen*?^ Word Meaning 

/ 

2. « Sentence Meaning 

3 n Paragraph * Manning ' ' ' \ 

Main sjdea / , ^ , ^ - 

5. Detail ' -r ' . [ 



( 



Industrial Behavior. [ . ^ 

(Course Desciji (rt Ion;) ' " , - ^ 

Total Scheduled Tfme^ \^5' hrs . 

Job-related behavior of trainees is ^as much a part of overall employ- 

* ' • / ' " 

ability as the skill acquitted in welder training. Th*e .industrial environ- 

ment within .which TAT opet*ates greatly facilitates the^ transfer of industrial 

behavior patterns. , * * ' * . ^ . ^ 

Located within the Y-12 Plant and using Union Carbide supervisors, 

fo3?emen, and skilled craftsmen as instructors, TAT exposes trainees to , 

industrial standards of job-nelated behavior as ^integral part of training.. 

Trainees are confronted immediately wi^h an indtistJ^ial viewpoint of tardiness. 



' . ' -21- ' , / . ' ' 

^ absentee isl?!, w5^k habits, etc' Demands are made slowly at* first because ^' 
trainees .are in a learning situation, but in the. later months' ah industrial 
type supervisor-employee relationship is firmly established. Trainees must 
function un^ier tr^iining rules ^nd" regulations similar^ to those qf^the 
Plant operations.! - ' ' . - ' « - 

Although the major responsibility for industrial behavior, education 
falls. on the s^houlders of the* section superviso^i^^d' technical instructors 
assistance is givej» hy othei^AT staff fflembe;?s an'd Y-12 Plan'^ personnel. 

Y Seminars on such topics as safety^ industrial hygiene, job interviewing, 
drug addictioij^, and. labot* unions 'are scheduled at' appropriate 'joints ^n. , ^ 
the program. Safe working practices' and industrial^^hygiene are stressed 
fhr6ugljout the program, and special emphasis is g:vvea these > topics early 
in the program. Yr-12 Plant safety specialists are"* called <5n to^'lead^ * \ 
seminars in this area. Local union representatives^are invited in to 
. ,,^scuss their, orientation' and *roie in modern indi^trii^l organizations, 
"'in the latter half of the program the emphasist^tiJtns to 36b ^devefopment , 
skills such as interviewing,^ test taking^ ^jpplication , writing, ^nd job - 
evaluation^. * « ^ l^^-^u ~ ^ \ ^ . " ' 
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INSTRUCTIONAL FILMS: (see also AWS I^'ilm Directory, .American .Welding 

• Society, Education Department, . 345 East 47th Street, New York, New 
York 'lo])17) • , , • ■ ' ■ * , 

• • Modern ^aailities for Hea^y Metal 'Fabriaathn. Combustion Engineering', 

Inc., Windsor^' Connecticut 06095 

■The Mioro-Wire Welding. .Hobart Brothers Company, Troy, Ohio 45373 



Solving Metal Joining Problems Through Brazing. Handy § tfarman, 
850. Third Avenue, New York, New York^ 10022 • ' ' ' 

Fundamentals of Silver Alloy Brazing. Rothacker, Inc.,\2^1 West 
,17th, Street, New York, New York 10011 

' Tjiis is Steel. Bethlehem Steel, Modem Talking Picture Service, 
Inc., 714 Spring St re^et, N.W., Atlanta, Georgia 30308 ' " 

AjLuminm Welding Mig and Tig. , Reynolds Metals Company, 5004 West 
Clay Street,^ Richmond, Virginia 25218, ' - ' ^ ^* 

The Duat Story. Advertising Manager, Industrial Equipment, 
National Cylinder Gas Division of Chemetron Corp,, 840^ .'v^ 
North "Michigan Avenue, Chicago, Illinois 60611 " ' ' 

' i 

The Oxy^Ap^tyl^ne Flame - Master of Metals.. Motion Pictures, 

BureaiT of Mines, 4600 Forbes Avenue, Pittsburgh, Pennsylvania 
15213 , 1 
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0RGANI2ATI0NS ISSUING CODEX, STANDARDS, SPEC I F] CAT IONS AND 
OTHER DOCUMENTS REGARDING IfELDING 



Aerospace Matei»ial Specifications (AHS) 
See ' ' Society- qf Automotive En»4ne.ers 

' American Gas Association ;(AGA) 
605 Third .Avenue * . . 

New .York, n'..Y. 10017- • ' ' 



American' Insurance- Association . r *. . " 
See:, Underwriters' Laboratories, Inc.* _ ^ 

American Petroleum Institute (API) ^ - 
1271 Avenufe of the Americas - ' ' ^ 

New York, -N. Y. •10020 . 

. - g 

-American Society ^of Mechanical Engine.er5 (ASME) > 
United Engineering penter * ' 

3if 5 Easlr 47th Street e - . 

New Ydrk, N. ,Y. 10pi7 

American Society for Testing- and Materials CASTM) 
1916 Race Street - * ' \ 

Philadelphia, Pa. ^19103^ \ ^ ^ //; 

American Standards Association (ASA) * 
See: United States of America Standards' Institute 

American Water Works Association (AWWA) - • 

"2 Park Avenue ' - . 

New York', N. Y. 10016 \ ' ' ^ 

^' - i ^ ' 

Mierican Welding Society (AWS) • / - ^ ' \ 

Technical Department' ' ^ * 

• United. Engineering Center . 
31*5 East if 7th Street • \ ^' ' " . ^ 

New Y67^, li. Y. 10017. ^ ^ ^ - 

' ' ' ■ « ' ' ' \' . 

Birreau of Explosives ■ ^ ^ ' x ^ ' ' ' 

y 63 Vasey Street i ' , ^ 

'New York, N; Yl 10007 ' - . ' 

Bureau, of Public Roads, U.. S. Department of Trarisportatipn 
Matomic Building , ' 

Washington, D. 20235 

Canadian Standards Association 
235 Montreal RoaA « 

-Ottawa 2, Ontario, Canada * ' 



Compressed Gas AssociationV Inc.' (CGA) 
'sod Fifth Avenue 
, New York, N. Y. 10017 

Factory^ Mutual Engineering Co3?poration , 
'1151 ^Boston- Providence Turnpike ' - ^ 
Norwood, Mass. 02062 

Fact^pry Mutual Laboratories (FM) • , ^ 

See:'- Faxrtory Mutual Engineering Corporation 

International -Acetylene Association (lAA) 
' ^ The lAA has been -corjsolidated with the 

Compressed Gas^.Association, Inc. 
^ Address all requests to CGA 

Interstate Commerce .Commission (ICC) t 
12th ,Stre^j: and ConstgLtutdon Avenue 
vrkshrington, D. C. .20^23 



National fcertiHed Fipe Welding Bure^ (NCPWB) 
666 Third Aveiltie — /..i-'-r 
New York, N. Y. lOOt/ 

Navai Supply Depot ' 
^5801^ Tabor Avenue 
Philadelphia, Pa. 19120 



Society of AutS^igtive Engineer^ (SAE) 
if 85 Lexington Avenue - 
New, York, N. Y. 10017 

Underwriters' Laboratories, Inc.;/ 

P. 0* Box 2U7 , • ^ , 

Northbrook, 111. 60062 

United. States of America Standards Institute (USASI) 
lO'Elst UOth Street' ' - ' ^ " ^ 
New, York, N. Y. 10016 ' 
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PUBLISHERS OF REMEDIAL EDUCATION AND GED' MATERIALS 




Allied Educatiori Council 
Distribution Center 
P. /a.. Box 78 

ien,;Michigan 49113 - 

CO' 

19 P'ark Avenue S. 
ew York, N. Y. 10003 



Bamell toft, Ltd. 
-Ill S. Center Avenue 

Rbckville Center, N. Y. 

> 

Bobjbs-Merrill 'Company 
if 300 W. 62nd St. ' ' ^ 

"Indianapolis, Indiana 

Bweau'of Publications , ' . , 
Teachirs College* 
Colunpia University 
New York,^Ni Y. 10027 

Basic Systems, Incorporated 

SQO Third Avenue 

New York, N. Y. 10022 

Cambridge' Book Company 

488^ Madison Avenue ' 

New: York, N. Y. 10022 

Craig Corproration ' ■ . ' - 

Educatioa Division 

3410^S. LaCienega Blvd. 

Los Angeles, California 90015 

The Continental Press, Inc. 

367 S. Pasadena, California 91105 

Educational Developmental Laboratories 
75 Pp?ospect, Huntington, N. Y. 11746 

Encyclopedia BritanniSca Press 
U25 N. .Michigan Avenue 
Chicago, Illinois 60611 



Electroni-c Futures Incorporated 
Order from: 

Rouser Company ^ 
2j08 W. Magnolia % • ^ 
Knoxville, Tenif. , • ' ' 
Attention: Jiip Hood 

Educational* Guidelines Co . 
Oklahoma -City > QHlahoifia 

Educators Publishing-^^Strvice - 
Carabrlds^j- ' Mass . 

Foll^tt Ed. Corp. 
101t> "W^hington Blvd. 
Chicago',* 111. 60607 

F'ield Enterprises Inc. 
Merohandi'se Mart Plaza 
Cbipago, .Illinois 60654 

Frank^E. Richards Pub,.CoV, Inc 
32*^ First St. 
, Liy%)bol,.N. Y. 13088 

Globe' Boole Company • ^ , 
175 Fifth Avenue 
iSew'York, N^.'y. . lOOlt)^ 

G, C. Merriam Company 

General Learning Corporation 
753 Faiffield Avenue 
' Bridgeport, C<:)nnecticut 06604 

Grolier Incorporated 
575 Lexipgton Avenue 
Kew York, N. Y.- ' [ 



Harcburt,' Brace £ Javonovitch 



Time/Life Corporation 



1372 Peachtree Street, E. ' 
.Atlanta, Georgia 30309. \ 

Houghtron . Mif f lin Company 

2 Park St/ ■ r - ' 

^Boston, Mass. 02107 ' , ' 

4 

Lyons £ Camahan Publishers Westinghouse Lea2?ning Corp. 

407 E. 25th Street ' " 100 Park Avenue c -Vj . - 

Chicago, Illinois -'60616 New York, N. Y.^J/ 



» McMillan 

255 Ottley Drive, NE 
Atlanta, Georgia 3032 4 



McGraw-Hill ^ ^ 
Manchester Road 
Manchester, Missouri 63011 



PLAN Incorporated 

1307 V/est M^rkham ^ 

Little Rock, Arkansas 72201 



Ziff - Davis Publish ihg 
One Park Avenue ; » 
New York, N. Y. 'Io6'l6 



Prentice-Hall, Inc. 
En^'glewood Cliffs, N. J. 



Readers V Digest Services-, Inc. 
Pleasantville, N. Y. 10570' 



Scott Foresman 6 Company 
3145 Piedmont Ropd,''NE ' 
'Atlanta, Georgia 30305 




•Science Research Associates. 
259 East Erie Street 
^Chicago, Illinois ' 60611- 



Steck Vaughn Company 
P. 0. Box 2028" / . 
Austin, Texas- 78767 



